Neonatal jaundice is a common physiological problem affecting over half of all full term and most preterm infants. Thus, newborn infants must be monitored for signs of hyperbilirubinemia to prevent acute bilirubin encephalopathy or kernicterus. Evidence exists supporting the benefits of baby massage as a form of mild hand to skin contact, to increase neonatal physical and mental development. In the present study, the effects of gentle baby massage on neonatal jaundice in full term newborn infants were evaluated by a controlled clinical trial. The inclusion criteria of newborn neonates were as follows: (1) gestational age of 37 ~ 41 weeks, (2) birth weight of 2,800 ~ 3,600 g, (3) Apgar score at birth of 8 ~ 10, and (4) being a healthy neonate without neonatal asphyxia and hemolytic condition. Breastfed newborns without phototherapy were included: 20 in the massage group and 22 in the control group. We found the mean stool frequency of the massaged infants on day 1 and day 2 (4.6 and 4.3) was significantly higher than that of the control group (3.3 and 2.6) (p < 0.05). The transcutaneous bilirubin levels on the second to fifth day and serum total bilirubin levels on fourth day were significantly decreased in the massage group, compared to the control group. In conclusion, baby massage at an early stage after birth could reduce neonatal bilirubin levels. We suggest baby massage is beneficial for ameliorating neonatal jaundice.
Neonatal jaundice is a common physiological problem affecting over half of all full term and most preterm infants. Although most jaundice is harmless, newborn infants must be monitored for signs of hyperbilirubinemia and acute bilirubin encephalopathy or kernicterus. According to the American Academy of Pediatrics (AAP) recommendation, the clinical intervention on jaundice includes observation, evaluation, diagnosis or phototherapy (American Academy of Pediatrics 1994). Both for treatment and prevention, the mainstay of intervention is phototherapy, a safe and widely available therapy when compared with exchange transfusion and medication. There are however potential sideeffects attributable to phototherapy, including watery diarrhea, increased insensible water loss, skin rashes, blue baby syndrome and transient bronzing of the skin. There is also controversy surrounding whether phototherapy treatment for jaundice may increase the risk of developing melanoma later in life (Matichard et al. 2006; Dennery and Lorch 2007; Newman and Maisels 2007) . Furthermore, the baby and mother could suffer mental and emotional pressure induced by separation when phototherapy is performed. Therefore, it is necessary to find some way to newborn jaundice and control bilirubinemia to within normal range whilst avoiding more harmful treatments.
In many areas of the world, especially in the African and Asian continents, Indigenous South Pacific cultures and the former Soviet Union, baby massage is a traditional practice. There have been many studies on the effect of baby massage over the past several decades. These studies have demonstrated the beneficial effects of baby massage for neonatal physical development such as weight, length, head circumference, bone mineral density, sleep duration, respiration and the elimination and reduction of colic and wind (Field 2002; Field et al. 2010 ). Baby massage is also thought to reduce infant stress and promote positive parentinfant interaction (Underdown et al. 2006; Hernandez-Reif et al. 2007 ). Based on our clinical experience, baby massage would promote early-stage defecation of neonates, which may accelerate bilirubin excretion with the possibility of reducing neonatal jaundice. We therefore conducted a clinical study to reveal the effects of baby massage on jaundice reduction.
Subjects and Methods

Participants
Subjects consisted of healthy term infants born at the Sekizuka Hospital of Shibata in Niigata, a metropolitan city in Japan, from September 2006 to November 2006. Inclusion criteria for study participation were (1) gestational age of 37 ~ 41 weeks (259 ~ 287days), (2) birth weight of 2,800 ~ 3,600 g, (3) Apgar score at birth of 8 ~ 10, and (4) being a healthy neonate without neonatal asphyxia and hemolytic condition, and puerpera without maternal obstetric complications. As standard practice for 1 week all healthy neonates were breast fed during their admittance to the hospital.
During the selection and trial period, a total of 69 cases were admitted and these were semi-randomly allocated to a control group (n = 40) or a treatment group (n = 29): infants born in every two days enter the control group and one day enter treatment group. An obvious gap between the amounts of two allocated groups because we predicted that there were more cases in the control group than the treatment group that needed to be treated with phototherapy and had to drop out of the trial. As a result of this, the allocation was changed to accommodate for infants who had been switched to phototherapy treatment. Finally, there were 22 of 40 in the control group and 22 of 29 in treatment group not requiring phototherapy. In addition, because of severe skin rashes, 2 subjects in the treatment group were excluded from the trial. The incidence of mild skin rashes was similar between the two groups. Fig. 1 gives the profile of the study and details of inclusion, exclusion and reasons for non-compliance.
Obstetric data
The main obstetric data related to childbirth were considered as part of the background information collected from the participating subjects. This information included infant gender, gestational age, birth weight, Apgar score, mother's total number of deliveries, blood loss at delivery, duration of delivery and type of delivery. 
Procedure
For neonates in the treatment group, specialized clinical staff gave 15-20 minutes of baby massage twice daily, 1 hour after the morning and midday feed, from the first day to the fifth day postnatal. For this study, we devised massage methods and procedures based on Touch Therapy (Field et al. 1986 ) from the University of Miami, USA. The room temperature was maintained at between 24-28°C. After thoroughly washing hands and applying baby oil, pressure was applied to the newborn's skin with warm, bare hands. Massage starting on the face, massager use two thumbs gently rubbing the periorbital and cheek regions; and then moving on to the chest, two hands of performer from the lower margin of chest slide to opposite upper edge alternately; then to the abdomen, corresponding to the conformation of colon, the performer push a half circle gently; next is on the limbs, the performer use hand by hand with moderate pressure external side of the upper and lower limbs; and finally the back, the performer slide two hand from vertebra to two sides by neck to buttock. The staff members performing the massage were trained by the same licensed massage therapist. Normal care was given to the control new born infants.
Measures
Stool frequency: stool frequency was checked from the first day to the fifth day postnatally. The times of defecation were documented according to the mothers' parenting logs and nursing records.
Transcutaneous bilirubin level: Measured before massage treatment using a transcutaneous jaundice meter (manufactured by Konica Minolta, JM-103, Japan) from the first day to fifth day postnatally. Measurement areas were infant's forehead and 2 points on the chest, measured 3 times each by pressing the meter against the skin vertically, and the average value was adopted.
Serum bilirubin values: Serum total bilirubin levels and unbound bilirubin levels were measured from capillary blood exsanguinated from newborn infants' planta pedis on fourth day postnatally.
Statistical analysis
We used the Student t-test for assessing the differences between mean values, and chi-square tests for the difference in ratios between the treatment and control groups. We also used a repeated measure ANOVA to compare the difference of body weight, stool frequency and transcutaneous bilirubin levels between the two groups. The level of statistical significance was set at p < 0.05. The statistical analysis was performed using software SPSS14.0 (Chicago, IL, USA).
Ethical Considerations
This study was approved by the Ethics Committee of Niigata University Graduate School of Health Sciences and informed consent was obtained from the guardians of the neonates. Table 1 shows the demographic characteristics of a total of 69 newborn infants who enrolled for this trial. There were no differences in birth conditions between the treatment and control groups. The subjects' gestational age was approximately 278 days (39 weeks), Apgar score was 9, and there was no percentage difference in the type of delivery (vaginal delivery or cesarean section). There was also no difference in the birth weight: control group 3,146 ± 199 g vs. treatment group 3,188 ± 207 g. There were also no significant differences in mother's total number of deliveries, blood loss at delivery and duration of delivery. As there were no differences in birth and delivery conditions, we could confirm that these two groups were homogeneous groups prior to beginning the study. We also show in Table  2 the background factors in both groups who completed trial; it is similar to the table 1 and shows no significant difference. For subjects' gender and type of delivery for mothers and Phototherapy, we showed the differences in ratios (P Value found by chi-square test). For gestational age (in days), birth weight and Apgar score, etc., differences in the mean values are shown (P Values found by t-test). Table 3 shows the frequency of stools per day from the first to the fifth day. The mean stool frequency of the treatment group on day 1 and day 2 (4.6 and 4.3) were significantly higher than that of the control group (3.3 and 2.6) ( p < 0.05, < 0.01 respectively). On days 3, 4 and 5, the infants in the treatment group also had a slightly higher frequency, albeit this was not statistically significant. Analyzed by ANOVA, the frequency of stools was difference between the two groups. (F Value = 6.301, P = 0.016).
Results
Subject characteristics
Stool frequency
Transcutaneous bilirubin levels
As shown in Table 4 , the measured value of transcutaneous jaundice (measured on the chest in the morning) on the first day postnatally (when study of the given infant began) of the control group is 4.4 ± 1.4 mg/dl, whilst that of the treatment group is 4.2 ± 1.1 mg/dl, showing no significant difference. Whereas the values measured on the second, third, fourth and fifth day after birth of the control group were 8.2 ± 1.7, 10.6 ± 1.8, 11.7 ± 1.4 and 1.6 ± 2.2 mg/dl respectively. In contrast, those of the baby massage treatment group were 7.2 ± 1.3, 9.1 ± 1.9, 9.9 ± 2.9 and 9.5 ± 3.1 mg/dl, respectively, showing a significant decrease for over each day (p < 0.05). The same results were found in other measurement areas and times (data not shown) and analyzed by ANOVA, the value of transcutaneous jaundice was difference between the two groups. (F Value = 7.49, P = 0.009).
Serum bilirubin values
Total bilirubin levels of 4th day are shown in Table 5 . The treatment infants had significantly lower levels of total bilirubin (11.7 ± 2.8 mg/dl) compared to the control infants (13.7 ± 1.7 mg/dl) ( p < 0.01). Unbound bilirubin levels showed no significant difference between the two groups (control 0.4 ± 0.1 µg/dl vs. treatment 0.4 ± 0.2 µg/dl; p = 0.77). For subjects' gender, we showed the differences in ratios (P Value found by chi-square test). For gestational age (in days), birth weight and Apgar score, etc., differences in the mean values are shown (P Values found by t-test). Analyzed by ANOVA, the weight was no difference between the two groups (F value = 0.078, P = 0.782). All values are means ± standard error of the. Mean (SD). *p < 0.05. Analyzed by ANOVA, the frequency of stools was difference between the two groups (F value = 6.301, P = 0.016).
Discussion
This is the first report of a clinical controlled trial demonstrating a difference in neonatal jaundice for term infants that are exposed to baby massage when compared to normal care alone. Preliminary data indicates that baby massage could reduce neonatal jaundice and provide a useful tool to newborn jaundice and control bilirubinemia to within the normal range.
The significant reduction of neonatal jaundice in the treatment group can be explained by the treatment infants' higher frequency of stooling on the first and the second day compared to control infants. It is thought the massage may stimulate the infants to pass meconium. Newborn infants usually have their first stool within 24 hours after birth. This meconium, which consists of amniotic fluid components swallowed during the prenatal period, gastrointestinal secretion, bile etc., is excreted within 3 days after birth. In this study, stooling frequency was shown to be higher in the massage treatment group compared to the control group, especially in the first 2 days. Furthermore, increased stool frequency on days 1 and 2 may be the cause for the low values of serum total bilirubin on day 4 and transcutaneous bilirubin on days 2-5 for the treatment infants. This is consistent with other studies. Gourley et al. (1992) demonstrated a negative relationship between stool production and bilirubin levels in healthy term infants during the first 3 weeks of life. Semmekrot et al. (2004) reported that frequent bowel movements diminished the enterohepatic circulation of bilirubin in a newborn infant, thereby increasing bilirubin excretion.
The mechanism of delayed passage of meconium resulting in hyperbilirubinemia is thought to be caused by enhanced enterohepatic circulation. If the enterohepatic circulation continues as in the prenatal period, bilirubin levels in the blood will rise (Nishida 1994) . Intestinal activities are not sufficient immediately after birth because ingestion is not yet established. Therefore, direct (conjugated) bilirubin that is excreted into the intestines is easily reabsorbed, associating with increased bilirubin production. Also, there was a report indicated that infants with significantly delayed meconium passage due to megacolon and anal atresia, etc. have a higher tendency to develop hyperbilirubinemia (Yoshitake and Baba 1984) . There were no such infants in our study. By hastening meconium passage on the first and the second days, the enterohepatic circulation was possibly controlled to its physiological range, preventing the level of bilirubin from rising to a pathological level.
Through massage, stimuli can be directly sent to the exteroceptor-the skin's sensory terminal. The flow of blood, lymph and tissue fluid in the subcutaneous tissues, are induced by massage stimuli to the skin. As a result, all elements essential to the body are adjusted, and waste products are collected and excreted. In addition, massage treatment given to various parts of the body stimulates the vagus nerve and heightens the production of food-absorbing hormone, which subsequently increases the secretion of gastric and pancreatic fluid. This increases the amount of milk the infant suckles, and enhances food digestion (Field et al. 1986; Field and Diego 2008) . Kerstin states that sedation of physiological stimuli like touch and heat results in muscle relaxation, a decrease in cortisol levels, a reduction in cardiovascular activities, and activation of enterokinesis which helps digestion (Uvnas-Moberg 1998).
Although we found some limitations in our study, our results are still very impressive. The sample size is not big enough and this may mask otherwise significant results. Because we had to select and treat the infant immediately after they born and can't wait for collected to a certain number, so we use a semi-random method (by day selection) to allocate the samples. If baby massage activated the 11.7 ± 1.4 9.9 ± 2.9 2.66 0.01* Day 5 11.6 ± 2.2 9.5 ± 3.1 2.48 0.02* All values are means ± standard error of the mean (s.d.). *p < 0.05. Analyzed by ANOVA, the value of transcutaneous jaundice was difference between the two groups (F Value = 7.49, P = 0.009). vagus nerve and enhanced the production of the foodabsorbing hormone, it was necessary to compare the amount of milk the infant suckled. In this study, although all newborn infants were breast-fed, it was impossible to measure the amount of milk suckled, and therefore this indicator was not included in the analysis of our results. Despite the complexities of neonatal jaundice, this study has shown that baby massage is an effective treatment for its control in healthy term infants. Further research is required to find out if changes in massage frequency, duration, timing, massage areas and methods have additional effects on neonatal jaundice.
Conclusions
This study has addressed the practice of giving baby massage at an early stage after birth effectively lowers neonatal bilirubin levels. The neonate massage treatment group showed a significant decrease in bilirubin levels over each day, when compared to the control group. The mean stool frequency of the treatment group on day 1 and day 2 was significantly higher, as massage stimulation will encourage the neonate to pass more meconium which contains bilirubin. It is therefore suggested that baby massage may contribute towards the prevention of newborn jaundice and control bilirubinemia to within normal ranges.
